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The guestion of involverment of DNA of bands and other condensed chromatin masses in transcription in polyiene
chromosomes of salivary glands of Drosophila larvae has been analysed by electron microscopy and auforadiography
(at light and electron microscope Jevel) following a 5 min in vitro pulse labelling with *H-uridipe. Ultrastructural studies
show that many of the thick bands have regions of Jesser elecfron density within their 3-dimensional structure, Typical
perichromatin granules are seen to be specifically associated with the less electron dense regions (perichromatin) of
several thick and thin bands and also with the perichromatin around the condensed masses in beta heterochromatin of
chromocentre. Auforadiographic stodies show that certain bands and the condensed masses of beta beterochrometin in-
corporate *H-uridine to a siguificant jevel. Majority of the interbands are not labelled with *H-uridipe. It is snggested

.

' HE distinct band-interband organization of
T polytene chromosomes has evoked interest
in their genetic correlates, The one to one
¥elationship of the number of bands (and interbands)
with the number of genetically determined comple-
mentation groups in a given chromosome segment
has been implied to suggest that a polytene chromo-
some band with its associated interband constitutes a
unit of function'. One question which has repeatedly
%een discussed in this context is the localization of the
informational part of a genetic unit in the band or
the interband. Various considerations have led to
the belief that the coding sequences of a genetic unit
are located within the band DNA?%. However, on
the basis of the amount of DNA present in bands and

4 interbands, respectively, and on other considera-
tions, Crick” suggested that while the coding sequences

¥ are located within interbands, the band DNA has a
L regulatory role. Similarly, on the basis of light
microscope (LM) autoradiographic data on “H-
uridine incorporation in polytene chromosomes it
has been suggested® that in addition to pufls nearly

_ all interbands synthesize RNA while the bands do
2 nbt. It has also been suggested that in polytene
" npclei, RNA polymerase 1I is present in all inter-
bands and puffs but not on bands®*''. On the basis of
ultrastructura] studies, Skaer'® has also concluded

~ that,the transcriphona!ly active regions are within
" the interbands and puffs. Inspite of these apparently

~ conclusive evidences for occurrence of transcription
sonly on puf and interband regions of polytene chro-
"mosomes, a few recent observations have questioned
hese generalisations and have raised the possibility
of RNA synthesis at certain condensed regions of
“polytene chromosomes. Lakhotia and Jacob®?
. showed a high rate of RNA synthesis in the beta
eterochromatin of the chromocentre of polytene
Euclex of D. melanogaster. Studies on in situ hybridi-

that in polyiene chromosomes, bands and other condensed chromatin masses (like the beta beferochromatin) may
become transcriptionally active without apparent decondensation, Most of the inierbands probably never transcribe,

zation of cytoplasmic or nuclear RNA to polytene
chromosomes have shown a specific hybridization of
RNA to certain bands'*. More recently, Ananiev
and Barsky'® have shown a high degree of *H-uridine
incorporation over a significant number of conden-
sed bands of D. mclancgaster polytene chromosomes.
The present paper provides additional evidence for
RNA synthesis by condensed chromatin regions
in polytene nuclei of Drosophila. For this purpose,
ultrastructural and autoradiographic (light as well
as electron microscopic) studies have been done.

Maierials and Methods

Salivary glands from late 3rd instar larvae of wild
type strains of D. melanogaster and D. nasuta were
used for these studies. For ultrastructural observa-
tions, salivary glands from D. melanogaster larvae
were fixed with glutaraldehyde and esmium tetroxide
and embedded in Epon-Araldite mixture as descri-
bed earlier’s. Ultrathin (~100 nm) sections of
glands, double stained with uranyl acetate and lead
citrate, were examined under transmission electron
microscope. For localizing the sites of RNA synthesis,
light (LM) and eiectron microscope (EM) autoradio-
graphic studies have been done. For LM autoradio-
graphic observations, salivary glands from late third
instar larvae of D. nasura were pulse labelled in vitro
with 3H-uridine (ImCi/ml; sp. act. 12.6Ci/mM,
BARC, Trombay) for 5 min following which the
glands were fixed in aceto-methanol (1:3) and
squashed in 509 acetic acid. After removal of
coverslips, the preparations were stained with carbol-
fuchsin and coated with Ilford LA emulsion for
autoradiography.  Autoradiographic exposure was

between 4-7 days at 4°—6°C.

For EM autoradiography, the glands from late
third instar larvae of D. melanogaster were pulse la-
belled with ®H-uridine (1 mCi/ml; sp. act. 31Ci/mM,
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Radiochemical Centre, Amersham) for 5 min.
Following the pulse, the glands were washed, fixed
and processed for EM autoradiography as described
earlier's. Autoradiographic exposure in this case was
upto 20 days.

Results

Lacalization of perichromatin granules — Transcrip-
tion products are identifiable as ribonuclecprotein

perichromatin granules (pcg) and, in general, their
distribution is a good indication of active gen®
sitest>17. Pcg of various size ranges are generally
distributed in puffs and a few interbands. The distn-
bution of pecg in relation to condensed chromatin
has been specifically examined in this study and the
observations on this aspect are presented below and
in Figs -3,

Figure I shows electron micrographs of 2 adjacent

Fig. la-b — Electron micrographs of two adjaceht sections of a chromosome segment to show that typical perichromatin

granules are often associated with hand regions.

Many bands are dotted or enclose small regions of low electron density.-

While the overall banding pattern is essentially similar in the two sections the structure of certain bands varies. The bands
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sections through the same unidentified chromosome
segment. There is no major puff in this segment.
Nevertheless, a large number of pcg is seen in many of
the regions and their distribution is essentially similar
in the two sections. It may be noted that a number
of bands have anirregular structure and the crganiza-
tion of such bands is not identical in two adjacent
sections—in one section, the band may appear as a
homogenously condensed mass of fibrils while the
same band in another section could have lateral

: SITES OF TRANSCRIPTION IN POLYTENE CHROMOSOMES

disruptions or may contain regions of low electron
density within its thickness. It is significant that speci-
fically associated with most such bands are a large
number of typical pcg. As seen in Fig. 1, the inter-
bands adjacent to bands marhed with arrows are free
of pcg while in close proximity to these bands are
clusters of pcg. These granules are particularly abun-
dant in regions where the bands appear laterally
broken or in areas which appear as vacuolations
within the band structure,

or band regions specifically associated with perichromatin granules are indicated by arrows. Very few interband regions
are seen to contain perichromatin granules. nm = nuclear membrane, sg = secretary granule. The bar represents 0.5 um
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Figure 2 shows part of two large puffs. In both
the puffs, a large number of pcg (20-23 nm) is seen
arranged in definite arrays. In the lower puff in
Fig. 2, several small blocks of condensed chromatin
are present which appear to be remunants of band/s
which decondensed concomittant with puff develop-
ment. The point of interest hereis that these small
condensed chromatin masses are surrounded by a
narrow zone of perichromatin with which rows of
perichromatin granules are closely associated. This
suggests that these chromatin masses are imvolved
in the formation of the associated pcg. It is note-
worthy that the three interbands between the two
puffs are almost free of pcg. Skaer'? had suggested
that ‘“‘periochromatin granules spread along the
chromosome away from their original site of synthesis
and pass between the bands where they are dotted,
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until the granules are contained by an urbroken band
above and below the puff”. However, in the present
study, no evidence for migration of pcg to interbands
outside the puff area through the lateral disconti-
nuities in the bordering bands could be obtained.
As can be seen in Fig. 2, the two interbands (double
arrows) immediately next to the two puffs are separa-
ted from the respective puff region by laterally broken
bands and yet both these inter bands are nearly
free of pug A similar distribution of pcg was seen
n a few other puff regions also.

The presence of two types of pez (20-25 nm :and
40-43 nm) and RNA synthesis in the beta hetero-
chromatin of polytene nuclei of Drosophila has been
reported earlier!™'*, The beta heterochromatin has

an irregular orgamzatiou with clumps of condensed
large

chromatin masses and intervening electron

Tig. 2— Electron microgruph of two adjjcent large puffs with an abundance of perichromatin granules arranged in  defi-

nite rows all over the pufls.
nules radiate out from these chromatin bodies.

interbands are devoid of any perichromatin granules,
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Also note the three interbands (double arrows) between the two puffs:

Note the small alectron dense regions (arrows) in rthe lower putf; rows of perichromatio gra-

these
The bar represent 0,5 ym
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lucent regions. A narrow zone of perichromatin
surrounds each of the condensed chromatin masses.
As can be seen in Fig. 3a. the smaller pcg (present

all over the beta heterochromatin region'®) are aiways

clustered in rows or loops near perichromatin of the
condensed masses. The large intervening spaces are
totally devoid of these RNP granules. Figure 3b
shows the arrangement of the larger sized peg which
are restricted to the beta heterochromatin at the base
of one chromosome arm. As discussed earlier!s,
these pcg are generally seen in large clusters in one or
more electron Tucent regions; however, in addition
to such larger clusters, smaller number of these
eranules are also present in rows or singly, attached
to the perichromatin around condensed masses in the
regions (Fig. 3b). Tt is possible that in this region of
beta heterochromatin, the larger peg are synthesized
over a wider area in close association with the peri-
chromatin of condensed masses and subsequent to
synthesis, these particles are stored or accumulated
in clusters until their release to the nuclear sap.
Sites of *H-uridine incorporation — Light micro-
scope  auloradiography—I.M  autoradiographs of
squash preparations of D. nasuta polytene chromo-
somes following a 5 min pulse of *H-uridine have
been studied. In the present study, the right arm of

the chromosome 2 (2R) has been examined in some
detail. In-order to obtain a greater degree of resolu-
tion of labelled sites, some preparations were made
with more than- the usual degree of chromosome
stretching. In such stretched chromosomes, the
interband regions get extended so that the bands
appear more widely spaced'®'®. Two sets of LM
autoradiographs of 2R of D. nasuta are shown in
Fig. 4 : in one set (a, ¢ and e) one complete 2R 1is
shown in moderately stratched condition and in the
other set (b, d zand f), some parts of 2R are shown
1n a relatively more stretched condition. As expccted,
the pufl sites vsually incorporate a much higher level
of 3H-uridine. In pufls in sections 47C, 48A (Fig.
4a, b)and 60B (Fig. 4e, f), the *H-uridine incorpora-
tion during the pulse of 5 min i1s limited to a narrow
zone of the enlarged puff and most of the label in
such puffs appear to be directly overlying the small
darkly stained chromatin blocks. Very few inter-
bands appear 1o be labelled distinctly with 3H-uridine.
As seen in Fig. 4, only about 12 interband regions
can be considered to be labelled with *H-uridine along
the entire length of 2R of D. nasuta. However, it
may also be noted that in some of the iatelled inter-
band regions (e.g., the interbands preceding bands
50C1, 50C2, 52B5 in Fig. 4d) the silver grains appear

Fig. 3 a-b — Electron micrographs of two different regions of beta heterochromatin showing

granules with the condensed chromatin masses. (@) The clumps
[arge number of perichromatin granules, which at many places
(b) A segment o
is seen : one cluster of larger perichromatin granules is present
smaller groups of similar granules are also widely distributed

lncent regions are free of these granules.

the relationship of perichromatin
of condensed masses are seen to be associated with a very

are arranged in rows or loops (arrows). The intervening electron
f beta helerochromatin at the base of one particular chromesome

in the electron lucent region (double arrow). In addition,
and are always placed very close to the electron dense masses

(arrow) rather than in the intervening spaces. In both g and b, a narrow zone of perichromatin (pc) may be seen around all

the condensed masses.

The bar represents 0.5 pm
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in a definite row and at the moment, the possibility
of the presence of athin band under the label can not
be ruled out. Furthermore, some regions which appear
as long interbands in stretched chromosomes, are
seen as small puffs in normally spread chromosomes
from the same or different larva (compare section
46C in Fig. 4aand b and section 53B in Fig. 4e and f).
In no case, a major part of any interband was seen
to be labelled with *H-uridine; the silver grains over
the few interbands which were considered to be
labelled, were always restricted to a narrow zone
close to the band.

A considerable number of bands on chromosome
2R (and also on other chromosome arms) of D.
nasuta have been seen to incorporate *H-uridine.
Some of the well labelled thick bands seen in examples
in Fig. 4 are : 42B2-3, 47B2, 48C2, 49C4-3, 50Cl,
52A4-5. 533C6-7, 55C7-8 and 56B4-5. Examples of
labelled thin bands are : 43B2-3, 45A3, 48C1, 49BI,
49C2, 50A4, 55C35, etc. Examination of stretched
chromosomes (Fig. 4b, d and f) establishes beyond
doubt that the labelling of bands in these cases is not
due to scatter from radioactivity in the adjacent
interband regions (e.g. compare the labelling in
section 468 in Fig. 4a and 4b). In a few regions of
2R, the silver grains are either on the band as well
as on a narrow adjacent region of interband (e.g.,
49C4-5, 50C1) or only at the interface of band and
interband (e.g., 52A4-5). In either cases, a major
part of the interband, however, remains unlabelled.

Electron micrasocpe autoradiography — More than
50 EM auteradiographs of unsquashed salivary
glands of D. melanogaster have been examined to
ascertain the sites of 3H-uridine incorporation in
polytene nuclei. This analysis confirms the results
obtained from LM autoradiographs described above.
In EM autoradiographs of unsquashed glands, it s
not generally possible to identify a given chromo-
some segment, and, therefore, the present observa-
tions are general without reference to a particular
puff or band etc.

The aucleolus is extensively labelled and very often
the silver grains over the nucleolus are arranged in
definite rows (Fig. 5a), reflecting some order of the
arcangement of intranucleclar DNA, The interband
regions remain unlabelled in most cases (Fig. 5a,b),
although a few are low labelled. In each of the
autoradiogram, several bands are always labelled.
Figures 5a-b, show two autoradiographs of some
unidentified chromosome segments. The labelling of a
number of bands in these segments is very significant.
In fact, majority of silver grains in these and other

—

Fig. 4 — LM autoradiographs of chromosome arm 2R of
D. nasuta to show sites of *H-uridine incorporation. On
moderately stretched complete 2R is shown in 3 parts (a, c,
and e) while smaller segments of 2R in more siretched chromo-
somes arc shown in b, d and £ The numbering of different
regions {5 oo the basis of our detailed photomap (unpublished)
of D. nasura polytene chromosomes. The 2R is divided into
20 divisions (from chromocentre to free tip, divisions 41 to 60);
each division is further subdivided into 3 sections (A, B, C);
each section starts with an interband and ends with a band.
The individual bands are serially numbered in some regions
to facilitate identification of the bandsor interhands which

are labelled (see text), x 1600

SITES OF TRANSCRIPTION IN POLYTENE CHROMOSOMES

EM autoradiographs are directly overlying the
condensed chromatin of bands. Among the less
electron dense regions, only the puffed regions are
labelled to any significant level. As in the LM auto-
radiographs of D. nasuta chromosomes, in the EM
autoradiographs of D. melanogaster chromosomes
also, the silver grains in some cases are at the inter-
face of band and interband, rather than within the
limits of an interband.

The beta heterochromatin in the chromocentre
region has beea shown to be very activein 3H-uridine
incorporation' and as discussed above, the pcg in
this region appear to be specifically associated with
the condensed chiromatin masses. In parallel to this,
the EM autoradiographs show that the silver grains
in H-uridine labelled preparations, are specifically
on the condensed chromatin masses (Fig. 5¢); there
is almost no labelling of the intervening electron
lucent regions of beta heterochromatin.

Discussion

In several recent studies, it has been suggested that
the transcriptionally active sites in polytene nuclei
of Drosophila are the puffs and most or all inter-
bands™!2%. A common conclusion of all these studies
has been that for transcription of a genetic unit
localized in a band region, the band must first de-
condense to become a puff or an interband'®. In the
present study, however, both ultrastructural and
autoradiographic evidences are obtained for a signi-
ficant transcripticral activity of condensed regions
(certain bands and chromocentre beta heterochroma-
tin): Ananiev and Barsky'" have also observed a
significant level of *H-uridine uptake on band regions
in D. melanogaster. Thus, a complete decondensa-
tion may not be a prerequisite for transcription to
occur on a condensed region, like bands or the
chromatin masses of beta heterochromatin.

Examination of serial sgctions of unsquashed chro-
mosomes reveals that the organization of chromatin
fibrils constituting a band may not be homogenous
over the entire 3-dimensional structure of a band.
Normally, in a band region the internal cohssion of
differeat lateral strands making up a polytene chro-
mosome is believed to give a definite morphology to
a given band, either as a continuous line of even
thickoess or as ar ow of equidistant dots®. The presen-
ce of irregular electron [ucent areas at various places
within the structure of a given band would suggest
that in these bands, some segments of the lateral
componsnts ae not as condeased as others. The
presence of trypical pcg in the vacuolated or clear
areas within or around some dark bands is significant
in this context. In some cases, Skaer'? also observed
groups of pcg opposite breaks in bands, but suggested
this to be due to passage of pcg from one active
interband to another through breaks in a condensed
band. It was considered'® unlikely “that the band
has decondensed at the gap containing perichromatin
granules, and that these granules have spread into
the neighbouring interband”. In the present study,
no evidence for a regular spreading of pcg from their
site of synthesis to other chromosomal regicns
has been found. [t seems likely that with the excep-
tion of a few sites, the distribution of peg reflects
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their original sites of synthesis. Unlike Skaer’s!!?
contention, it is suggested that there may indeed be
small regions of local decondensation within bands
and RNA synthesis proceeds in such band regions.
This view is supported by several observations. In
some cases, the bands containing or associated with
pcg are bordered on either side by interbands which
are almost devoid of pcg—this makes it unlikely that
the pcg in these bands are the result of transcriptional

activity of adjoining interbands. The localization of
pcg in beta heterochromatin also supports the view
that transcription products can arise in close associa-
tion with condensed chromatin.

The brief duration of 3H-uridine pulse (5 min) and
the increased resolution offered by autoradiography
of stretched chromosmes and by EM autoradiography
ensure that the location of silver grains in the auto-
radiograms represent the criginal sites of transcrip-

Fig.

5 —*H-uridine labelled EM autoradiographs of salivary gland nuclei of D. melunogasies to show labelling of condensed
regions. (a) A part of nucleolus (nu) and a chromosome segment are seen; the nucleolus is heavily labefled while the silver

grains over the chromosome segment are seea directly over many bands (arrows). Almost none of the interbands are

labelled.

matin of bands, {¢) A part of the beta heterochrematin is seen.

(b) Parts of two chromosome s2gmznts are seen— in both, nearly all the silver grains are over the condensed chro-

The silver zrains are located on the condensed chromatin

masses of beta heterochromatin (closer to the perichromatin zone) rather than on the electron lucent regions. The bars
represent 1 um
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tional activity. The unambiguous labelling of conden-
sed chromatin of certain bands and the beta hetero-
chromatin masses seen by LM as well as EM auto-
radiography and the similarity between the distribu-
tion of pcg and *H-uridine labelling sites, clearly
indicate that the electron dense regions can transcribe
without complete decondensation, Furthermore,
Zhimulev and Belyaeva's® conclusion that all inter-
bands are transcriptionally active, does not find
support in present study since very few interband
regions were seen to incorporate *H-vridine. On the
basis of a detailed autoradiographic study of stretched
chromosomes, Anzniev and Barsky?!® have also con-
cluded that in the tip region of polytene X-
chromosome of D. melanogaster, no independently
transcribing interband region exists,

Jamrich et al1®i, have examined the localization
of FNA polymerase Il in polytene chromosomes by
immunofluorescence technigque and they have con-
cluded that this enzyme activity is localized only in
pufls and interbands. However, from the Figs. 2 and
4 of Jamrich ez al.'® it is obvious that while most of
the very thick bands lack any resolvable RNA
polymerase II activity, many of the smaller and
less prominent bands show as infense fluorescence as
the interbands and puffs. Besides, it is difficult to
resolve if the peripheral parts of some thick bands
* contain RNA polymerase activity as suggested by
present observations. It is also significant thatin the
iitial study®, a number of bands were observed to
fluorescence brightly with antibodies for RNA poly-
merase II. However this band fluorescence was later!?
interpreted as a fixation artefact. Furthermore,
Jamrich er al.!* found the chromocentre region to be
poor in RNA polymerase IT activity and have ascribed
this to franscriptional inactivity of chromocentre
heterochromatin. However, a major part of the chro-
mocentre in polytene nuclei of Drosophila is known
to be active in RNA synthesis!®"1#'20°21 Tt appears,
therefore, that a lack of fluorescent staining with
antibodies for RNA polymerase II may not necessarily
reflect transcriptional inactivity of a region like the
beta hetercchromatin and also, a localization of
RNA polymerase II at a site does not necessarily
mean that these sites are synthesising RNA. Thus,

although RNA polymerase II is reported’™! to be

present on all interbands, very few of them have been
seen to be actually synthesizing RNA.

At this stage it will be relevant to consider some
aspects of polytene chromosome organization. The
bulk of cytogenetic data*® supports the view that
« the informational sequences of genetic unjts are loca-
ted in band DNA. This view also finds support
from results of studies'®®* on in situ hybridization
of nuclear and/or cytoplasmic RNA with polytene
chromosome since in most cases the hybridization
occurs specifically at band regions rather than the
interband regions. However, views have also been
expressed that most or all interbands are trans-
«criptionally active and contain the informational
sequences™® ™,  Zhimulev and Belyaeva®® have
further suggested that the bands are pot structural
and functional units of chromosomes, rather
they represent chromosome regions which are inac-
tive at a certain point of time (also sec ref. 24).

: SITES OF TRANSCRIPTION IN POLYTENE CHROMOSOMES

An essentially similar model of polytene chromosome
organization Las been suggested by Jamrich ef al’®
However, the constancy of banding pattern in polytene
chromosomes appears to be fairly well Jocumented?®.
Furthermore, the present data and those of Ananiev
and Barsky!® show that almost none of the inier-
bands may be active in transcription to any significant
level, while certain unpuffed band regions do trans-
cribe, It is, therefore, suggested that the inferbands
represent permanent structural features of polylene
chromosome organization and they may contain
sites with which RNA polymerase remains associated
without necessarily transcribing. This view would
explain the immunofluorescent localization of RNA
polymerase II’® on alnjost all interbands. The infor-
maticnal DNA of a given cyfogenetic vnit is visnali-
zed to be Jocated mainly in bands, presumably close
to the junction of band and interband?. Depending
upon theregulatory events, a part or all of the multi-
ple strands of informational DNA in a given poly-
tene band becomes transcriptionally active. If just a
few of the strands are activated, thereis only a partial
decondensation of a band and these decondensed
strands may give rise to “vacuolations” or lateral
disrupticns within a band structure, as seen in the
electron micrographs of presumably active bands.
Such partially decondensed bands will also show
sH-uridine uptake. If most or-all of the 2= strands of
a polytene band are activated, a small or big puff
may result, depending upon the size of the trans-
cription unit, the rate of synthesis and turnover of the
transcription product. -
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